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ABSTRACT
A total of 1104 fish samples from markets of Sicily were analysed
for the detection and species identification of Anisakidae nemato-
des. The preliminary analysis of the fish samples showed the pres-
ence of 2459 larvae. All the fish species revealed different
prevalence of infestation, with a maximum of 100% for Lepidopus
caudatus and a minimum of 4.5% in Sardina pilchardus. The 80%
of the larvae examined by PCR-RFLP analysis belonged to Anisakis
pegreffii species. The seasonal infestation trend of Anisakis was
evaluated in all the fish sample examined. The results of the sea-
sonal infestation trend showed a marked connection with the
ecological aspects of the fish species examined. As far as we
know, this work report for the first time important ecological
aspects of Lepidopus caudatus specimens of South Mediterranean.
This work could be useful to plan a seasonal fishing strategy
aimed at reducing the health risks related to Anisakis.
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1. Introduction
The fish species, especially the blue fish, are fundamental foods of the Mediterranean
diet, especially for their high nutritional and health properties, many studies have
demonstrated the preventive effects against certain diseases, especially cardiac ones.
Moreover, these fish species have been used as bioindicators to evaluate the health of
the seas, as they are excellent accumulators of organic and inorganic contaminants, as
reported in the literature (Leonardis & Macciola 2004; Di Bella et al. 2015; Salvo et al.
2016; Pecoraro et al. 2017; Cammilleri et al. 2018). Blue fish are all those varieties of
fish characterized by: back in the reflections of dark blue, with silver streaks, silvery
belly, ease of finding in the Mediterranean and excellent quality/price ratio (Martı-Cid
et al. 2007). These varieties including several fish species such as sardines and ancho-
vies which have a high content of unsaturated fats (Leonardis and Macciola 2004) and
are commonly consumed raw or undercooked. However, the ingestion of raw, under-
cooked fish infected with alive larvae of Anisakis spp., can provoke a zoonosis called
Anisakiasis determining gastrointestinal and allergic symptoms (Sakanari and
McKerrow 1989; Mazzucco et al. 2018). Anisakis and other nematodes belonging to
the Anisakidae family are parasites with a worldwide distribution and a complex life
cycle which involves several marine organisms at different trophic levels (Mattiucci
and Nascetti 2006; Ferrantelli et al. 2015; Costa et al. 2016; Cammilleri et al. 2018;
Ferrantelli et al. 2014). Basically, a parasite can be used as a suitable ecological tag for
fish stock identification when its geographical distribution and life cycle are known,
and when the parasite’s residence time in the host is long enough compared with the
lifespan of the fish host (Catalano et al. 2014; Graci et al. 2017). This work aimed at
investigate the seasonal infestation trend of Anisakis spp. in the fish samples analysed
to assess a possible correlation with the ecological aspects of the fish species and
have a chronological risk assessment regarding the consumption of blue fish.
2. Results and discussion
The prevalence and mean intensity values obtained are shown in Table S1. All the
Lepidopus caudatus samples were infested by Anisakis spp. nematodes giving a preva-
lence of 100%, followed by horse mackerel (Trachurus trachurus 83.3%) and Atlantic
mackerel (Scomber scombrus 68.8%). A maximum intensity of infestation of 2 was
found for sardines and anchovies. The highest number of larvae was found in a
Lepidopus caudatus sample (n¼ 450). Sardines samples showed the lowest prevalence
values. All the larvae were recognized at genus level as morphotype I of Anisakis spp.
The larvae subjected to molecular identification were identified as Anisakis pegreffii
(85%), Anisakis simplex s.s. (14%) and Anisakis typica (1%). The seasonal infestation
trend (Figure S1) showed an increase in prevalence values during the summer season
until October for the anchovies, where they reached a peak of 31%. Regarding the sar-
dines, there were two infestation peaks in August and November (4.9%) and low
infestation in September (0.6%). In the case of Atlantic mackerel, infestation increased
in spring with a peak of 100% in May and decreased gradually during summer season
to October with a prevalence of 19.7. The horse mackerel samples showed a peak in
the spring season (83.3%) and a progressive decrease during summer. Given the
2 G. CAMMILLERI ET AL.
constant value of prevalence for the silver scabbardfish (Lepidopus caudatus) samples
(100%), we decided to assess the seasonal trend according to the mean intensity val-
ues. For the silver scabbardfish we found a bimodal trend with a peak during March
(m.i. ¼ 250) and October-November (m.i. ¼ 250). Results from the seasonal infestation
trend analysis revealed an overlap with the ecological aspects of the fish species
examined. The anchovies have a reproductive period ranging from April to October. In
many small pelagic species of Osteichthyes group, the deposited energy is mainly
derived from feeding rather than energy reserves (Wang and Houde 1994), and conse-
quently there is an increase in infestation by Anisakis parasites due to intense feeding
activity during summertime. Considering their annual reproductive strategy and the
results of this work, sardines seem to have a bimonthly feeding behavior, consisting of
a month of intense predation activity and a month of energy storage. Despite their
different evolution, our results seem to confirm that Scombridae and Carangidae
reproduce mostly during the summer period by storing energy before the breeding
period. For this reason, in the period before the summer season there was an
increased Anisakis infestation. The results obtained for silver scabbardfish showed a
trend of infestation similar to the other two big pelagic predators examined in this
work (horse mackerel and Atlantic mackerel). Our results suggest an intense predatory
activity at March, before the spawning period. Our results showed a spawning period
from April to September, in contrast of Northwestern Mediterranean specimens
(Demestre et al. 1993). As far we know, this was the first ecological studies on silver
scabbardfish population of South Mediterranean Sea. Our work gives interesting epi-
demiological data on the prevalence of Anisakis infestation in south Mediterranean
fish. The findings seem to confirm the role of Anisakis as ecological tag to deepen the
ecology of their hosts. Furthermore, the data obtained could be useful to plan a sea-
sonal fishing strategy in order to reduce the risks related to the presence of Anisakis
in fish products.
3. Experimental
See the supplementary material for the experimental section.
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